Twenty-one patients with intermittent claudication underwent a physical exercise program lasting 8 weeks. The patients were classified on the basis of maximal walking tolerance (MWT) and diagnosis at the initial examination. Seven of the patients had a MWT less than 1,000m and no symptoms of chronic obstructive airways disease (COAD) or angina (group A), seven had a MWT less than 1,000 m plus angina and/or COAD (group B) and seven had an unlimited (> 1,250 m) MWT (group C). At the completion of the training program all three groups showed a significant improvement in walking distance to pain and stress test capacity. During the post-training walking tolerance test, the venous lactate concentrations in group A were lower after 2 rain and 4 min of exercise, and at exhaustion (P < 0.05). Group A patients showed a significant correlation between an increase in MWT after training and a decrease in maximum lactate concentration measured during walking. Although the patients in group B had a significant increase in MWT, blood lactate concentrations in this group were not always decreased by physical training. Group C lactate concentrations were lower after 8 min, 15 min, and 30 min of walking (P < 0.05). It is concluded that a physical training program increases walking tolerance in different categories of claudicants, and possible mechanisms for the improvement are discussed.
Introduction
In recent years there have been a number of reports suggesting physical training as an alternative treatment to surgery for patients with intermittent claudication.
Improved oxidative metabolism of the limb (Dahll6f et al. 1974) , development of collateral vessels (Skinner and Strandness 1967) , improved gait technique (Schoop 1973) , and an increased pain tolerance (Zetterquist 1970 ), have been suggested as possible mechanisms for the improvement after training.
Although it has been demonstrated angiographically that there is an increase in the number of collateral vessels in arteriosclerotic limbs , the more recent studies have shown that physical training does not necessarily increase maximum calf blood flow in the diseased leg (Dahll6f et al. 1976; Sorlie and Myhre 1978) . Rather, the improved blood flow that may occur with the development of collaterals is hampered by the progression of arteriosclerotic disease.
Several reports indicate that physical training leads to an increase in the oxidative capacity of the leg (Dahll6f et al. 1974; Sorlie and Myhre 1978) resulting in increased succinic oxidase activity of the gastrocnemius muscle, and decreased lactate release, which may be responsible for the increased walking tolerance.
Often patients with intermittent claudication have other systemic illnesses including diabetes, heart disease, and chronic obstructive airways disease (COAD). Diabetes does not appear to affect adversely benefit from physical training (Ekroth et al. 1978) , while patients with angina and intermittent claudication have a poor response to training (Jonason et al. 1979) . The effect of training on venous lactate concentration during exercise, in a group of claudicants with symptoms of angina and/or COAD has not been investigated.
The aim of this study was to evaluate the effect of physical training on the exercise capacity and venous lactate concentration, in a relatively unselected population of patients with intermittent claudication.
Material and methods

Patients
Twenty-one patients, 14 men and 7 women, with a mean age of 67.4 years (range 51-80 years), suffering from intermittent claudication, were studied before and after a training program of 8 weeks duration. In some cases the period was extended. None of the patients had gangrene or rest pain. The patients were divided into three groups based on MWT and clinical symptoms prior to the training program as follows:
Group A included seven patients with an initial maximal walking tolerance (MWT) less than 1,000 m, with no clinical symptoms of angina or COAD. TWo patients had previously suffered an uncomplicated myocardial infarction.
Group B included seven patients with an initial MWT less than 1,000 m, who had a history of angina. Four patients in the group also had COAD. One patient was a diabetic, and four patients had previously suffered a myocardial infarction.
Group C included seven patients with an initial MWT greater than 1,250 m. Two patients in this group were taking sorbide nitrate for angina, and one had diabetes. None of the patients in this group had suffered a myocardial infarction.
Clinical data for all groups are presented in Table 1 . Patients were classified as having unilateral or bilateral disease on the basis of pain elicited during the stress or walking tolerance tests.
All subjects were informed of the nature of the study and the possible risks involved, before giving their written consent to participate.
Stress rest
The patient walked on a treadmill with continuous ECG and blood pressure monitoring. The speed and slope were increased by one MET for every stage, according to a modified Naughton's protocol (Chung 1979) . After an initial warm up at 1.6 km 9 h -z, 0% grade for 2 rain, the speed and slope were varied, each stage being of 3 rain duration. The test was stopped when the patient could no longer continue, or on development of angina, extreme breathlessness, or if there was a clinically significant hypertensive or ECG response.
Walking tolerance test
On a separate occasion, walking tolerance was measured on a treadmill at 2.5 km 9 h -1, 5% grade.The onset of pain and maximal walking tolerance (MWT) were recorded. Patients were continuously monitored for blood pressure and ECG. The test was terminated either when leg pain became unbearable, or after thirty minutes (1,250 m), which ever came first.
Doppler measurements
Before and after training, patients were examined using a Parks Laboratory dual frequency directional Doppler ultrasound machine. Each examination consisted of determination of segmented leg pressures with an occlusion cuff, recording of analogue wave tracings, and calculation of the ankle/arm index.
The posterior tibial and dorsalis pedis systolic pressures were taken and the highest reading was used as the ankle pressure. The ankle/arm index was then calculated. Only the index for the affected leg is included for patients with unilateral disease (Table 2) ,
Blood samples and analyses
Before the walking tolerance test, a siliconized needle with 305 mm tubing (Surflo SV-21 BL) was introduced into the antecubital vein. The needle was kept patent with sterile heparinized saline (25 IU/ml). Prior to sampling, approximately 1 ml of fluid was withdrawn and discarded. Approximately 2 ml of venous blood was withdrawn at rest and thereafter each minute for the first 10 rain of exercise. Further samples were taken after 15, 20, and 30 min of exercise, and 5 rain post exercise. The blood sample was immediately placed into a tube containing sodium fluoride and potassium oxalate. The tube was inverted several times, and exactly 1 ml was pipetted into 2 ml of cold 10% perchloric acid. After shaking vigorously the samples were frozen. The supernatant was later estimated for lactate enzymatically (Calbiochem-Behring Corp.). A control serum was included in every assay (Precinorm S, Boehringer-Mannheim, FRG).
On the day of the first walking tolerance test, blood was taken for cholesterol and triglyceride analysis by automated procedures.
Physical training
The training program involved a 30 min session on a bicycle ergometer or treadmill, three times a week for 8 weeks, under Chol. = cholesterol; TG = triglycerides qualified supervision. One patient had a home program plus 1 day a week attendance at the cardiac rehabifitation unit. The patients were encouraged to exercise beyond the point at which they developed ischaemic leg pain. The exercise was modified according to the patient's cardiac status and claudication distance. The program also included patient education and counselling.
Statistics
A Student's t-test for paired observations was used. Significance levels for two-tailed tests are indicated. A P-value equal to or less than 0.05 was considered significant. Means (;~), standard errors (SE), correlation coefficients and linear regression equations were calculated using standard statistical methods.
Results
Walking tolerance, stress test capacity and lactate concentration
Group A -initial MWT less than 1,000 m, no angina or COAD. After training, all patients in this group had an increased walking distance to pain, MWT, and ~ _ stress test capacity (Table 2) . a Whilst resting venous lactate concentrations were not significantly different before and after training (Table 3a) , values were significantly lower after 2 and 4 min of walking and at exhaustion. The maximum venous lactate concentration measured during the walking tolerance test was also significantly lowered by training (P < 0.01). There was a significant (P < 0.01) correlation between percent increase in .~ MWT and decrease in maximum lactate concentration measured during the walking tolerance test (Fig. 1) . Figure 2 (a) shows the decrease in lactate concentrations after physical training, for one patient P. A. Ruell et al.: Intermittent claudication and physical training with unilateral distal disease, who had the largest increase in MWT. Other patients in this group showed a similar pattern of change.
Group B -initial MWT less than 1,000 m, angina or COAD. After physical training there was a significant increase in walking distance to pain, MWT, and in stress test capacity (Table 2) .
Venous lactate concentrations at rest, after 2 and 4rain of exercise, and at exhaustion, were not significantly lower after training (Table 3a) . There was no correlation between training-induced changes in MWT and maximum lactate concentration measured during the walking tolerance test. Figure 2 (b) shows the blood lactate concentrations of one patient in this group who had bilateral proximal disease, and was taking medication for angina. Even though this woman had an increased MWT, venous lactate Group C -initial MWT greater than 1,250 m. There was a significant improvement in walking distance to pain and stress test capacity in this group (Table 2) . One patient had an unchanged pain onset, and another had an unchanged stress test capacity after training. Two patients in this group were taking medication for angina. After training both had an increased walking distance to pain and stress test capacity, and lowered lactate concentration during walking.
Lactate concentrations were not significantly different at rest, or after 4 rain of exercise, but were significantly lower after 8, 15, and 30 rain of exercise (Table 3b ). Three other patients in this group showed a similar pattern of change. The remaining three patients in this group showed no increase in lactate concentration during the first walking tolerance test, and values did not exceed 1.7 retool. 1-1.
Doppler indices
There was no significant change in the ankle/arm Doppler index after physical training (Table2). Following vascular surgery, another group of 13 claudicants showed a significant increase (P < 0.001) in Doppler index from 0.60 + 0.06 to 0.88 + 0.05 (X + SE).
Smoking habits
When the 21 patients were assessed clinically prior to training, 14 were smokers ( Table 1 ). The majority smoked more than 20 cigarettes per day. At the end of the physical training program, 10 patients had stopped smoking, and three had reduced their tobacco consumption.
Resting heart rate
Patients taking medication known to affect heart rate were excluded. The eight remaining patients showed no significant changes in resting heart rate before and after training (from 81 + 4 pre to 79 + 4 post training).
Discussion
Previous studies have shown that patients suffering from intermittent claudication have an increased walking tolerance after a physical training program (Dahll6f et al. 1975; Ekroth et al. 1978; Larsen and Lassen 1966) . These results are supported by the present study which demonstrates an increase in walking distance to pain in 19 out of 21 patients.
The mechanism for the improvement in exercise capacity following a physical training program is still unclear but seems to be due to peripheral rather than systemic factors (Sorlie and Myhre 1978) . This lack of a cardiopulmonary training effect is supported by the finding of an unchanged resting heart rate in eight claudicants after the training program. It has been suggested that physical training leads to increased blood flow due to the growth of arterial collaterals (Skinner and Strandness 1967) . This is difficult to reconcile with several studies which show no change in lower leg blood flow after training (Dahll6f et al. 1974; Sorlie and Myhre 1978; Zetterquist 1970 ). The present study found no significant change in Doppler indices after training, and this would tend to support previous results indicating no change in leg blood P. A. Ruell et al.: Intermittent claudication and physical training flow. It is still possible, however, that training may lead to a more efficient redistribution of blood flow to the exercising muscles (Alpert et al. 1969) .
Other studies (Dahll6f et al. 1974; Sorlie and Myhre 1978) relate the improvement in exercise capacity after training to an increase in the oxidative metabolism of the lower leg.
In this study, physical training of patients without angina or COAD resulted in lower antecubital venous lactate concentrations during exercise. Similarly K6hler (1971) found that training led to a significant decrease in femoral venous lactate concentrations during and after work. Our observations do not indicate the source of the increased blood lactate before training. The high lactate concentration was not related to degree of fitness. Before training, two patients in group A had similar stress test results to three subjects in group C with a normal lactate response. It is interesting to speculate that the elevated lactate originates mainly from the ischaemic calf muscles. The decrease in lactate concentration after training in group A is then consistent with previous studies which relate improved walking tolerance to an increase in the oxidative metabolism of the lower leg. The correlation between changes in lactate concentration and walking tolerance demonstrates that in group A patients the mechanism for the improvement after training is likely to be metabolic rather than due to other factors such as changes in pain tolerance or gait technique.
It is well recognised that a number of patients with intermittent claudication have other clinical disorders. In a large sample, it was found that 20% of patients with intermittent claudication also had angina (Hughson et al. 1978) and that those patients with angina exhibited a poor training response (Jonason et al. 1979) . Group B patients in the present study also had angina, and/or COAD. This group showed a significant increase in walking distance to pain and MWT, but the increase was much smaller than found in group A patients. After the training program five out of seven patients in group B had a higher lactate concentration at exhaustion. This result was not unexpected as it has been found that patients with COAD alone do not shown an increase in skeletal mitochondrial enzyme levels after training, probably because these patients are unable to exercise at a sufficiently high intensity to induce a training response with associated enzyme changes (Belman and Kendregan 1981) . The mechanism for the improvement in these patients is unclear.
Patients with a MWT exceeding 1,250m (group C) showed an increased walking distance to pain and stress test capacity after physical training. It is often considered that these patients do not have symptoms severe enough to warrant surgery. Physical training thus appears to be an especially useful therapy for this group of patients.
In conclusion, this study demonstrates an increased walking distance to pain and stress test capacity in two groups of patients (B and C) not often included in studies of this kind. Claudicants with angina and/or COAD (group B) appear to improve by a different mechanism to those with intermittent claudication alone (group A) as shown by the difference in exercise lactate concentration between the two groups after training.
